Objectives: To assess the contribution of out-of-home (OH) energy and nutrient intake to total dietary intake, and to compare out-versus in-home nutrient patterns among 27 centres in 10 countries participating in the European Prospective Investigation into Cancer and Nutrition (EPIC) study. Methods: Between 1995 and 2000, 36 034 participants aged between 35-74 years completed a standardized 24-h dietary recall using a software programme (EPIC-Soft) that recorded the place of food/drink consumption. Eating OH was defined as the consumption of foods and beverages anywhere other than in household premises, irrespective of the place of purchase/ Correspondence: P Orfanos, Department of Hygiene, Epidemiology and Medical Statistics, University of Athens Medical School, Mikras Asias 75, Goudi, Athens 11527, Greece. E-mail: orfanos@nut.uoa.gr Guarantor: A Trichopoulou. Contributors: PO was the coordinator for the analyses conducted in this paper and for drafting the article. NS was the overall coordinator of this project and of the EPIC nutritional databases (ENDB) project. AN, AT, SG, JMA-B, MvB and UE, as members of the working group on 'Eating out and nutrient intakes', gave input on statistical analyses, interpretation of results and drafting of the article. The other co-authors were local EPIC collaborators involved in data collection and documentation and in compiling and evaluating the subset of their national nutrient databases used in the ENDB. ER is the overall coordinator of the EPIC study. All co-authors provided comments and suggestions on the article and approved the final version. preparation. Nutrient intakes were estimated using a standardized nutrient database. Mean intakes were adjusted for age and weighted by season and day of recall. Results: Among women, OH eating contributed more to total fat intake than to intakes of protein and carbohydrates. Among both genders, and particularly in southern Europe, OH eating contributed more to sugar and starch intakes and less to total fibre intake. The contribution of OH eating was also lower for calcium and vitamin C intakes. The composition of diet at home was different from that consumed out of home in southern countries, but was relatively similar in the north. Conclusions: In northern Europe, OH and in-home eating are homogeneous, whereas southern Europeans consider OH eating as a distinctive occasion. In most centres, women selected more fat-rich items when eating out.
Introduction
Modern living has led to an increase in the frequency and variety of meals and snacks consumed away from home. This trend shows no signs of future decline, which, in combination with a rising concern with regard to unwise dietary choices during eating-out occasions, may have public health implications. Several studies in the United States and Australia have focused on energy and nutrient intakes related to eating locations (Burns et al., 2002; Guthrie et al., 2002; Nielsen et al., 2002; Nielsen and Popkin, 2003; Kant and Graubard, 2004; Roos et al., 2004; Jabs and Devine, 2006) . Such studies in Europe are, however, limited, partly because of a paucity of comparable data between countries. A recent publication made use of a standardized data collection across 10 European countries and compared patterns of food and beverage consumption outside the home (Orfanos et al., 2007) . The current manuscript aims at complementing this publication using the same data set and describing patterns of energy and nutrient intakes while eating out. An additional issue that may limit comparisons at the international level is the lack of a common definition of the concept of 'eating out of home'. In general, two contradictory and at the same time complementary definitions have been used: (a) all meals/snacks prepared at external locations irrespective of place of consumption and, conversely, (b) all food items consumed at external locations, regardless of whether they were prepared within or outside the home.
The objective of this study was to assess the contribution of out-of-home energy and nutrient intake (as defined using the latter definition) to total dietary intake, and to compare out-versus in-home patterns of nutrient intake, among populations from 27 centres across the 10 countries participating in the European Prospective Investigation into Cancer and Nutrition (EPIC) study.
Materials and methods
Study sample EPIC is a large prospective cohort study covering about half a million individuals from 10 Western European countries (Greece, Spain, Italy, France, Germany, Netherlands, the United Kingdom, Denmark, Sweden and Norway), designed with the aim of elucidating the role of dietary, biological, lifestyle and environmental factors in the aetiology of cancer and other chronic diseases. All study procedures have been carried out in accordance with the Helsinki declaration and all participants signed an informed consent form before enrolment. In most centres, the baseline examination included the completion of detailed questionnaires on diet, medical history and lifestyle (including questions on physical activity and smoking), as well as anthropometric measurements. Data collection at baseline followed standardized procedures that have been described elsewhere (Haftenberger et al., 2002a, b; Riboli et al., 2002; Friedenreich et al., 2007) . Eight of the 27 participating centres and regions had only female participants: all four regions in France, one centre in Italy, one centre in the Netherlands and both regions in Norway. In one of the two UK centres (Oxford), a group of individuals consisting mostly of lacto-ovo vegetarians and vegans was evaluated separately (the 'healthconscious' in contrast to the 'general population') . The design and methods of the EPIC study have been described in detail elsewhere (Riboli and Kaaks, 1997; Riboli et al., 2002) .
Data presented in this paper were collected within the context of the EPIC calibration study, which was set up with the main purpose of adjusting for possible systematic overor underestimation of dietary intake measurements and correcting for attenuation bias in relative risk estimates. Thus, a single 24-h dietary recall (24-HDR) was collected from a random sample of 5-12% of each EPIC cohort, weighted according to the cumulative numbers of cancer cases expected per fixed age and gender stratum .
In total, 36 994 individuals from 27 EPIC centres/regions provided one 24-HDR between 1995 (study initiated in France) and 2000 (study completed in Norway). In the present analysis, and to maintain the same age range in all the cohorts, subjects below 35 and over 74 years of age were excluded (960 individuals). Thus, 36 034 eligible individuals from 10 European countries, 13 025 men and 23 009 women, were included in this study.
Data collection
The consumption of foods and beverages was recorded by a single 24-HDR, using a highly standardized computerized software named EPIC-Soft, which was developed at the International Agency for Research on Cancer, in collaboration with the EPIC centres . EPIC-Soft was administered by trained interviewers through face-toface interviews, except in Norway where interviews were carried out by telephone as a validated alternative approach (Brustad et al., 2003) . In addition, during the interview, participants were asked to report their weight and height.
For calculating energy and nutrient intakes, the EPIC Nutrient Database was used. In the absence of an existing standardized European nutrient database and as a prerequisite for pooled analyses on an international scale, the EPIC Nutrient Database was developed to harmonize nutrient databases across the countries participating in EPIC. Details on the development of the EPIC Nutrient Database have been published elsewhere Slimani et al., 2007) .
Data on age as well as on body weight and height were selfreported by participants during the 24-HDR interview.
Definition of out-of-home eating
For each eating (and drinking) occasion recalled in the 24-HDRs, the place of consumption was reported. Locations other than household premises included the following: restaurant, friend's house, work, cafeteria, bar, fast food establishment, school, street, car/boat and 'other'. From existing data, we were obliged to define out-of-home (OH) eating as the consumption of all foods and beverages at any of the aforementioned locations, irrespective of place of purchase or preparation, as the latter was not reported. This is an operational definition that has been used in previous publications (Kearney et al., 2001; Orfanos et al., 2007) .
Statistical methods
All statistical analyses were performed separately for men and women at the centre level using the Stata statistical package (Stata Corporation: Stata/SE 8.0 for Windows, Lakeway Drive, College Station, TX, USA, 2003) . To maximize comparability between centres, population mean macro-and micronutrient intakes (at home and out of home) and corresponding s.e. were calculated, adjusting for age, self-reported weight and height (on the day of recall) and energy intake. To allow direct comparability with the results of other papers included in this supplement, mean energy intakes were computed by centre and by 10-year age classes, and tests for trend were carried out. A set of weights was applied to correct for differences in sampling designs with respect to the recalled days of the week (Monday to Thursday, Friday to Sunday) and seasons (spring, summer, autumn, winter) . The fractions of total mean energy and nutrient intakes corresponding to OH eating (that is, the amount of energy or nutrients consumed out of the home divided by total energy intake or the corresponding total nutrient intake, respectively) were also estimated. The genderspecific contribution (%) of macronutrients to daily calorie intake at home and out of home was also estimated and t-tests were carried out to evaluate the observed differences. Table 1 presents the results on daily mean energy intake at home and outside the home, as well as the corresponding fractions (%) of energy intake out of home for men and women, by centre and 10-year age classes. Results are not presented for centres in which the number of observations was particularly low (less than 20). In general, the contribution of OH eating to total energy intake decreased with increasing age in both men and women, and this trend was more evident in the Italian centres. On an average, the contribution of OH eating to total energy intake ranged from 40.4% (35-44 age class, Turin) to 7.0% (65-74 age class, Varese) in men and from 36.9% (35-44 age class, Ragusa) to 5.9% (65-74 age class, Varese) in women. The contribution of OH eating to total energy intake was higher in men than in women, both overall and in all age classes, except in the Scandinavian centres where it was similar in both genders. The OH energy intakes reported by British men in the 'health-conscious' group were among the lowest and, interestingly, substantially lower than those of the UK general population group. Energy intake out of home was also evaluated according to the day and season of recall (data not shown). In most countries, mean energy intake was higher on Friday and Saturday (and on Sunday, in the south). On weekdays, OH eating was substantially higher in the northern than in the southern countries. Mean energy intakes out of home further followed a seasonal pattern, with lower intakes during winter in most of the countries except in the United Kingdom and France .  Tables 2a and 2b show the mean daily intake of macronutrients (including cholesterol) at home and out of home, together with the fractions (%) of macronutrient intakes out of home, by centre and for men and women separately. With the exception of alcohol, the fractions of macronutrient intakes corresponding to OH eating were generally higher in the Scandinavian centres for both genders (as was the fraction for energy intake as well). The highest fractions of alcohol intake out of home were reported in the Spanish centres-exceeding 50% in some of them-and in Greece, whereas the lowest were reported in Italian centres (2.3 and 9.1% in Ragusa's men and women, respectively). Irrespective of gender, the lowest contributions of out-of-home macronutrient intake were recorded in the Italian centres. Among women in most countries, OH eating contributed more to total fat intake than to total protein and carbohydrate intakes. Among men, OH fat contributed more to total fat intake only in the Scandinavian and UK centres. A wide range of values was also observed for the contribution of OH eating to total cholesterol intake, with percentages ranging, Energy and nutrient intakes out of home in Europe P Orfanos et al Energy and nutrient intakes out of home in Europe P Orfanos et al
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s.e. (Tables A1a and  A1b ). As for macronutrient intakes, differences were apparent between centres in the same country. Fractions of vitamin and mineral intakes out of home were generally higher among men than among women. In Copenhagen (Denmark) in particular, among both men and women, fractions of OH intake consistently reached or exceeded onethird of the total intake for fat-soluble vitamins (retinol, b-carotene, vitamins D and E). Out-of-home eating contributed less to total intake of b-carotene and vitamin E than to total intakes of other fat-soluble vitamins in Greece, France (women), the Netherlands, the United Kingdom and Spain (Figures 1a and b) . Moreover, OH eating generally seemed to contribute less to the total daily intake of vitamin C (compared with other water-soluble vitamins) (Figures 2a  and b) and to the total daily intake of calcium (compared with the other minerals studied) (Figures 3a and b) . Table 3 presents the contribution (%) of macronutrients to daily calorie intake (energy percentage) at home and out of home. Comparisons of patterns of intake at home with those outside the home showed that, in southern countries, the energy percentage from protein and fat was lower for OH than for in-home eating and the difference was compensated for by higher energy percentages from carbohydrates and alcohol (except in the Italian centres where alcohol was mainly drunk at home). Nevertheless, comparisons among southern centres showed that women, when compared with their male counterparts, reported diets richer in fat both at home and out of home. In the northern and central centres, the picture was different. In the Scandinavian centres, outof-home and in-home dietary compositions seemed to be quite similar. In both British population groups, however, the energy percentage from fat was higher and that from carbohydrates was lower for OH than for in-home eating. In general, the composition of diet at home seems to be quite different from that consumed out of home in the southern countries but was similar in northern countries.
Discussion
In a large sample of 36 034 individuals participating in the EPIC multicentre cohort study, the adjusted mean energy, macro-and micronutrient intakes at home and out of home were estimated using data collected through highly standardized 24-HDRs. The definition of OH eating in our analysis was taken to include all foods and beverages consumed at any location other than at household premises, irrespective of the place of purchase or preparation. To identify patterns of OH intake, contributions of OH energy and nutrient intake to the respective total intake (presented as % fractions) were calculated, as well as contributions of OH nutrient intake to total OH energy intake. From the comparison of group means, there was evidence in both genders that OH eating was more common among younger age groups and that the OH fractions of energy and S o u t h c o a s t F r a n c e S o u t h F r a n c e N o r t h -E a s t F r a n c e N o r t h -W e s t F r a n c e H e id e lb e r g Energy and nutrient intakes out of home in Europe P Orfanos et al
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European Journal of Clinical Nutrition macronutrient intakes were generally higher in northern European countries, particularly in the Scandinavian centres, than in the south. Among the three macronutrients (carbohydrates, protein and fat), OH eating contributed more to total fat intake among women in most countries, and among men in the Scandinavian and UK centres. With respect to carbohydrate intake, OH eating was found to contribute more to total intake of sugar and starch and less to total fibre intake, and this was more evident in the southern countries. Among micronutrients, OH intakes of S o u t h c o a s t F r a n c e S o u t h F r a n c e N o r t h -E a s t F r a n c e N o r t h -W e s t F r a n c e H e id e lb e r g 
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Vit-C Thiamin Riboflavin Vit-B6 Vit-B12 Figure 2 Out-of-home contribution (%) of water-soluble vitamins to corresponding total vitamin intakes in (a) men and (b) women by centre.
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European Journal of Clinical Nutrition vitamin C and calcium were found to contribute less to their corresponding total intakes. In the north, when in-home eating was compared with OH, nutrient contributions to daily energy intake (energy percentages) were generally found to be similar. In both British population groups, however, OH fat intake seemed to contribute more and carbohydrate intake less to OH energy intake, when compared with in-home eating. In southern centres, sources of energy also differed according to place of consumption, with OH dietary choices being richer in carbohydrates and alcohol and less rich in protein and fat.
The negative association between age and OH eating, consistently observed in most centres at the group level, is supported by previous publications (French et al., 2000;  S o u t h c o a s t F r a n c e S o u t h F r a n c e N o r t h -E a s t F r a n c e N o r t h -W e s t F r a n c e H e id e lb e r g Energy and nutrient intakes out of home in Europe P Orfanos et al
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European Journal of Clinical Nutrition Energy and nutrient intakes out of home in Europe P Orfanos et al S254 Kearney et al., 2001; Burns et al., 2002; Nielsen et al., 2002; Kant and Graubard, 2004) . In addition, our finding that, among carbohydrates, OH eating contributed more to sugar intake was expected; in a previous publication using the same data and reporting OH food and beverage intake (Orfanos et al., 2007) , it was found that sweets (including sugar, confectionery and cakes), soft drinks and other nonalcoholic beverages were items selectively consumed out of home. Our result that OH eating contributed less to total fibre intake (especially in the southern countries) is generally consistent with the results of American and Australian studies (Haines et al., 1992; McCrory et al., 1999; French et al., 2000; Burns et al., 2002; Guthrie et al., 2002) , as well as of studies based on European data (Kearney et al., 2001; O'Dwyer et al., 2005) . As in our study, previous publications reported that OH eating contributed less to total micronutrient intakes than in-home eating (Kearney et al., 2001; Bowman and Vinyard, 2004; O'Dwyer et al., 2005) . In particular, the lower contribution of OH intakes of calcium (among the minerals) and vitamin C (among the watersoluble vitamins) observed in our study has also been described previously (Haines et al., 1992; Burns et al., 2002) . Our finding that the OH dietary choices of the two British groups were higher in fat and lower in carbohydrates is consistent with that reported by Kearney et al. (2001) in a study using UK nationally representative data and defining eating out in a manner similar to this study, although it is not in agreement with the results of an Irish study that reported a lower energy percentage from fat for OH than for in-home eating (O'Dwyer et al., 2005) . The lack of a common definition of what constitutes OH food intake, however, limits a comprehensive comparison with these findings. Studies undertaken in US and Australian populations also reported an increased contribution of fat in OH energy intake (Le Francois et al., 1996; Burns et al., 2002; Guthrie et al., 2002) . Notwithstanding the limitations of a single measurement, and under the assumption that daily eating occasions have similar nutrient profiles, the contribution of carbohydrates to OH energy intake was generally below current international recommendations, whereas the contribution of protein was within the recommended range (WHO/FAO, 2003) . Interestingly, the contribution of fat to OH energy intake was below 30% in the south (except for women in some centres) and around 35% in central and northern European centres.
Strengths of this study are the large sample size, the use of highly standardized, computerized software and a nutrient database standardized across participating countries. An important limitation is, however, the use of a single 24-HDR, which is less likely to reflect true long-term individual intakes of, particularly, micronutrients that have large intraindividual variability (Willett, 1998) . Group means, however, particularly when estimated from a sufficiently large number of individuals, cannot be affected by intra-individual random or systematic misclassification, thus providing adequate estimates. The resulting inability to correct mean Abbreviations: AH, intake at home; OH, out of home; s.e., standard error.
a Contributions (%) of macronutrients to the daily calorie intake within the household premises.
b Contributions (%) of macronutrients to the daily calorie intake at places other than the household premises.
estimates for within-person variation can, however, result in exaggerated s.e. (Willett, 1998) . Gender-related differences should also be interpreted with caution, as the distribution of men and women across age groups is unequal, and the methodology used to estimate adjusted means was aimed at eliminating only age differences between centres (Schulze et al., 2001 ). Another limitation is that the EPIC data are now approximately 10 years old on an average and may not reflect the current situation, as eating out is on the increase, particularly among younger population groups.
The degree of detail available necessitated the definition of OH eating as dietary intakes at any place other than at household premises, irrespective of place of purchase or preparation. Some ambiguity, however, remains, particularly in relation to options such as 'eating at work', for which details on the place of preparation would be helpful. The data of our study may not be directly comparable with data from other studies carried out within or outside Europe, as differences in the definitions of eating out, the possible focus on specific locations (for example, restaurants, fast food outlets, etc.), together with frequently encountered methodological limitations, may restrict direct comparability. The use of standard recipes assumes that foods are cooked similarly in-home and OH, something that may not be entirely true for all regions and recipe ingredients. Olive oil, for example, in the south is frequently used at home, whereas the high cost may limit its use in restaurants. Future efforts to compare dietary choices when eating out require a common definition to differentiate between where foods were prepared and where they were consumed. Nevertheless, our study is, to our knowledge, the first that compares nutrient intakes and patterns at home and out of home among various European populations.
In conclusion, we have investigated patterns of OH eating in 27 centres in 10 European countries and found that the fractions (%) of total macronutrient intakes corresponding to OH eating were generally higher in northern than in southern Europe, possibly indicating a higher frequency of eating out, or of taking to work a packed lunch prepared at home (Orfanos et al., 2007) . OH eating contributed more to total fat intake than to total intakes of protein and carbohydrates among women in most countries and less to total fibre intake than to total intakes of sugar and starch in both genders, especially in the south. The contribution of OH eating was lower for calcium and for vitamin C when compared with the OH contributions to the intakes of other minerals and water-soluble vitamins, respectively. The composition of diet at home seemed to be different from that consumed out of home in southern countries, but was relatively similar in northern countries. There is clearly a north-south gradient in eating-out patterns, which may need to be taken into consideration in policy formulation, particularly in the light of the increasing prevalence of eating out in modern societies. At places other than the household (for example, restaurant, workplace, friend's house, cafeteria).
